Introduction
Allergic inflammation causes a myriad of diseases, including allergic asthma, atopic dermatitis, and allergic rhinitis, by altering several physiological features (1) . The clinical symptoms of allergic inflammatory diseases are mainly due to the dysregulation of macrophage and mast cell function (1, 2) . The incidence of these diseases is drastically increasing in many developed countries (3) . Currently, glucocorticoids are widely used as anti-inflammatory drugs. However, they are frequently associated with serious side effects such as liver damage, cancer, stroke, and stunted growth; therefore, physicians do not prescribe glucocorticoids for anti-inflammatory therapy (4) .
Many research groups have reported that many traditional medicines derived from herbs, medicinal plants, and mushrooms exert anti-inflammatory, anti-allergic, and immunomodulatory activities (5, 6) . Nowadays, active medicinal components or extracts from natural products are gaining great attention because of their lower risk of side effects compared to current therapies (7) . Panax ginseng (PG) C.A. Mey (Araliaceae) and Phellinus linteus (PL, Berkeley & M. A. Curtis) Teng (Hymenochaetaceae) have been used as traditional herbal medicine in East Asia. Many studies have reported that PG and PL possess biological activity, including anti-inflammatory and anti-allergic activity (8) (9) (10) (11) (12) (13) .
In our previous study, we produced PL by inoculating its starter culture on PG media (PGP) to enhance its biological activity, and we also demonstrated the anti-cancer activity of PGP (14) . However, the anti-allergic and anti-inflammatory activity of PGP has not been studied to date. Thus, we investigated the anti-allergic and antiinflammatory activity of PL grown on PGP extract on IgE/antigen (Ag) complex-stimulated RBL-2H3 cells and lipopolysaccharide (LPS)-stimulated RAW 264.7 cells.
Materials and Methods
Preparation of extracts from PL grown on PGP PGP and PG were provided by the Cell Activation Research Institute (CARI, Seongnam, Korea). Authenticated voucher specimens of PG and PGP (kucari 0901 (PG) and kucari 1001 (PGP)) were stored in the herbarium at the College of Bioscience and Biotechnology, Konkuk University (Seoul, Korea). The commercial preparations were done similarly to the original method, as described previously (14) . Dried 4-week-old PG (2.2 kg) and PGP (2.2 kg) were ground into a fine powder using a grinder. The powder was extracted with 80% ethanol (38 L) for 24 h at room temperature. After filtration, the extract (166 g) was fractionated sequentially by ethyl acetate (EtOAc) (3 L) and water (3 L) for 48 h at room temperature and then filtered again. (12, 17) . The following primers were used: rat TNF-α (forward 5'-CAC CAC GCT CTT CTG TCT ACT GAA C-3'); rat TNF-α (reverse 5'-CCG GAC TCC GTG ATG TCT AAG TAC T-3'); rat GAPDH (forward 5'-CAA CAC CAC CAT GGA GAA GGC TG-3'); rat GAPDH (reverse 5'-GAC CAC AGT CCA TGC CAT CAC TG-3'); mouse iNOS (forward 5'-CTT CAA CAC CAA GGT TGT CTG CA-3', reverse 5'-ATG TCA TGA GCA AAG GCG CAG AA-3'), mouse IL-1β (forward 5'-TAC AAG GAG AAC CAA GCA ACG ACA-3', reverse 5'-TGT CGT TGC TTG GTT CTC CTT GTA-3'), mouse IL-6 (forward 5'-GCC AGA GTC CTT CAG AGA GAG ATA CAG-3', reverse 5'-CCC AAC ATT CAT ATT GTC AG-3'), mouse TNF-α (forward 5'-ATG AGC ACA GAA AGC ATG ATC CG-3', reverse 5'-CCA AAG TAG ACC TGC CCG GAC TC-3'), and mouse GAPDH (forward 5'-GCA AAG TGG AGA TTG TTG CCA TC-3', reverse 5''-CAT ATT TCT CGT GGT TCA CAC CC-3), obtained from mouse (Cosmo Genetech, Seoul, Korea). iNOS, IL-1β, IL-6, and TNF-α mRNA levels were normalized relative to the GAPDH mRNA level.
Western blot analysis Cells were lysed with ice-cold lysis buffer containing protease inhibitors (Sigma-Aldrich). The protein concentration was measured with the Bradford protein assay reagent (Bio-Rad Laboratories, Hercules, CA, USA). Equal amounts of proteins were loaded into each well, separated by 10% SDS-PAGE, and blocked in 5% non-fat milk. Samples were probed with the following primary antibodies: phospho-spleen tyrosine kinase (Syk), phospho-Gab2, phospho-extracellular signal-related kinases (ERK1/2) (Santa Cruz Biotechnology, Santa Cruz, CA, USA), and β-actin (Santa Cruz Biotechnology). Secondary antibodies used were anti-goat IgG-or anti-rabbit IgG-peroxidase conjugates (Amersham, Little Chalfont, UK), and the membranes were incubated with horseradish peroxidase-labeled secondary antibody (Santa Cruz Biotechnology). The protein bands were analyzed by western blotting using LI-COR Odyssey (LI-COR Biosciences Inc., Lincoln, NE, USA).
NO assay Cells were plated and treated with EtOAc fraction for 1 h, followed by treatment with LPS (1 μg/mL, Sigma-Aldrich). Supernatants were reacted with Griess solution (1% sulphanilamide in 5% phosphoric acid and 0.1% naphthylethylenediamine dihydrochloride in water). The absorbance at 540 nm was determined using an enzyme-linked immunosorbent assay plate reader (Bio-Tek, Winooski, VT, USA).
Cytokine profiling Levels of IL-6 and TNF-α cytokines in the culture supernatant were analyzed as previously described (18) . Cytokines in cell culture supernatant (50 μL/well) were measured with Luminex multiplex assays (Life Technologies, Frederick, MD, USA) and then read on a Luminex 100 System (Panomics, Fremont, CA, USA). The median fluorescence intensity from at least 100 beads of each type (per sample) was used to determine the cytokine intensity levels. Standard curves were plotted and fitted using a 5-parameter logistic model (Bio-Plex 200; Bio-Rad Laboratories) and used to calculate the cytokine concentrations of the samples.
HPLC analysis HPLC analysis was conducted on an Agilent 1260 HPLC system (Agilent Technologies, Santa Clara, CA, USA). The separation was performed on a 250 mm×4.6 mm i.d., 5 μm, Ultrasphere C18 column (Alltech, Deerfield, IL, USA). Distilled water (solvent A) and MeCN (solvent B) were used as the mobile phase, with a flow rate of 1.0 mL/min. Gradient elution began with 82% solvent A and 18% solvent B. Elution was then changed to 70% A for 20 min, 70% A for 10 min, 55% A for 18 min, 50% A for 25 min, and finally 82% A for 5 min. The detection wavelength was set to 203 nm. Regression equations of ginsenosides Rb1 and Rg1 were prepared using standard solutions with different concentrations. The sample solutions were prepared by dissolving 1 g of PGP or PG in 5 mL methanol. For the sample assay, 40 μL of 0.2 g/mL PGP or PG solution was injected, and the assay was repeated three times. All solutions were filtered through Millex 0.45-mm nylon membrane syringe filters (Millipore Co., Bedford, MA, USA) before use.
Statistical analysis
Results are expressed as the mean±standard deviation (SD). Statistical analyses were performed using Student's t-test in the Excel program (Microsoft, Redmond, WA, USA). Significant differences were considered at p<0.05.
Results and Discussion
PGP inhibits β-hexosaminidase release in IgE/Ag-induced RBL-2H3 cells Mast cells and basophils play a key role in IgE and Agmediated allergic reactions (1) . To investigate the anti-allergic activity of PGP, we checked its effects on the degranulation of IgE/Agstimulated RBL-2H3 cells. The amount of β-hexosaminidase released reflects the degree of degranulation (19) . As shown in Fig. 1A , exposure to PGP inhibited β-hex release from IgE/Ag-stimulated RBL-2H3 cells. Exposure to PGP did not affect cell viability (Fig. 1B) .
PGP inhibits the expression of pro-inflammatory cytokines in IgE/ Ag-stimulated RBL-2H3 cells Mast cells and basophils secrete proinflammatory cytokines such as TNF-α, thus mediating allergic reactions (16) . TNF-α is a potent inflammatory cytokine (20) . To further elucidate the inhibitory effect of PGP on IgE/Ag-stimulated mast cell function, we investigated whether PGP could affect the level of TNF-α mRNA expression in Ag-stimulated RBL-2H3 cells. Exposure to PGP significantly suppressed the TNF-α gene expression of IgE/Ag complex-stimulated RBL-2H3 cells (Fig. 2) .
PGP reduces the level of signaling molecules responsible for mast cell activation Activation of FcεRI signaling events results in degranulation and production of pro-inflammatory cytokines within mast cells. Syk and Syk downstream molecules (e.g., Gab2, LAT, and PLCγ) are involved in FcεRI signaling pathways. PP2, a general Scrfamily kinase inhibitor, blocks the phosphorylation of Syk (20) . FcεRI receptor signaling is dependent on the activation of Syk. Phosphorylated tyrosine residues on Syk act as docking sites for adaptor molecules, including Gab2, to propagate downstream signaling (21) . Activated Syk-dependent signaling events rapidly induce intracellular calcium levels and promote mast cell degranulation. Therefore, Syk is a key target in developing anti-allergic drugs. To elucidate this mechanism, we investigated whether PGP affects the levels of activated Syk, Gab2, and ERK1/2 proteins. The levels of activated Syk, Gab2, and (Fig. 3) . These results indicate that PGP blocks FceRImediated signaling pathway in IgE/Ag-complex-stimulated RBL-2H3 cells.
PGP inhibits the production of NO and pro-inflammatory cytokines in LPS-induced RAW 264.7 cells The macrophage response to internal or external stimuli and factors can exacerbate chronic inflammation and allergic symptoms (22) . Excessive production of NO and pro-inflammatory cytokines can trigger an inflammatory reaction (18, 23) . The cytotoxic effects of PGP were tested in RAW 264.7 macrophages. As shown in Fig. 4B , PGP showed no cytotoxic effects in RAW 264.7 macrophages at concentrations of up to 200 μg/mL. Next, we tested the inhibitory activity of PGP on NO production. PGP inhibited NO production in LPS-induced RAW 264.7 macrophages (Fig. 4A) . The anti-inflammatory effect of the PGP extract was examined by measuring the level of pro-inflammatory cytokine mRNA and its released amounts in the media. PGP treatment reduced the expression of LPS-induced IL-6 and TNF-α mRNA (Fig. 4C) In ELISA experiments, pretreatment of PGP significantly inhibited the secreted amount of LPS-induced IL-6 and TNF-α cytokines in a dose-dependent manner (Fig. 4D) .
Different composition profiles of PG and PGP total extract It was reported that Rg1 and Rb1 in PG have anti-inflammatory and immuno-stimulatory activity (24, 25) . The ginsenoside contents of PG and PGP were determined by HPLC. The content of Rg1 was greater in PGP than in PG (Table 1 ).
In conclusion, PGP suppressed degranulation and production of pro-inflammatory cytokines in IgE/Ag-stimulated RBL-2H3 cells and NO release in LPS-stimulated RAW 264.7 cells. PGP inhibited the activation of FceRI receptor signaling molecules including Syk, Gab2, and ERK that led to allergic responses. Our findings suggest that PGP may be a potential therapeutic candidate against IgE-mediated allergic diseases. Fig. 3 . PGP inhibited the activation of Syk, Gab2, and ERK proteins in IgE/Ag-stimulated RBL-2H3 cells. Cell lysates were prepared as described in the materials and methods section. Total cell lysates were analyzed by immunoblotting with anti-phosphorylated Syk and anti-Syk, antiphosphorylated Gab2 and anti-Gab2, anti-phosphorylated ERK and anti-ERK, and anti-actin antibodies, respectively. PP2 is a general Src-family kinase inhibitor. The representative images from three independent experiments are shown. Each value represents the mean±SD of three experiments ( # p<0.05 vs. control and *p<0.05 vs. negative control).
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